Monensin is a polyether monocarboxylic acid ionophorous antibiotic produced by Streptomyces cinnamonensis. It is fed to chickens at 90-110 ppm and beef at 5-30 ppm. 6 These levels represent a significant hazard for non-target animals. Low part per million levels have been found to induce colic in horses and immature animals. 4 Ruminants can be adversely affected by the levels used in feed for antimicrobial or nutritional purposes. The molecule with just ultraviolet absorption from the carboxylic acid group can be analyzed by thin layer chromatography using a colored product from vanillin or anisaldehyde derivatization. It also can be analyzed on microbiological inhibition zone with Bacillus subtilis. 3 High performance liquid chromatography (HPLC) with Three beef feeds were obtained from the Animal Science Beef Nutrition farm, Iowa State University. They had been mixed to contain 28 ppm monensin with 1 feed having a urea nitrogen component, 1 a soybean meal nitrogen source and the other a mixed protein feed. All were analyzed by a modified VDL method. 7 The modification involved extraction of the sample using this procedure 3 consecutive times.
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The second extraction procedure was done by spiking 50 ml of water at 1-and 5-ppm-level monensin a by adding 50 µg and 250 µg, respectively. Each was then extracted with either 50 ml of methylene chloride b or ethyl acetate b /ethanol b (95/5, v/v); this was repeated again with a second 50-ml portion of each. Each 100 ml of the partition solvents was postcolumn detection has also been used. 5 A collaborative study 8 using thin layer chromatography (TLC) with anisaldehyde detection or by the microbiological detection by the Royal Society of Chemistry produced results which indicated semi-quantitative analysis was possible down to 0.1 ppm in tissues of chickens. Results from round robin samples analyzed by various Diagnostic Laboratories have not been quantitative. The goal of this work was to try to develop a method that will provide quantitative analytical results. Densitometric measurement of the optical density of the anisaldehyde or vanillin detected monensin TLC band was done. then concentrated to dryness under nitrogen effusion and low heat (50 C). These extracts then followed TLC for quantitation.
A third part of the study investigated the use of solid-phase cleanup for potential difficult samples. The C-18 solid phase cartridges c were prepared by washing with 4 ml of methanol b followed by 4 ml of water. Either 3, 10, or 25 µg of monensin a was placed on the cartridge. The analyte was then eluted from the cartridge with 4 ml of methylene chloride and collected into a 2-dram vial. The methylene chloride was concentrated to dryness using nitrogen effusion and low heat (50 C) followed by TLC for quantitation. TLC quantitation was done as follows: the extract was redissolved in 400 µl of methylene chloride and 1, 5, and 10% were spotted on both a reverse-phase thin layer chromatography (RPTLC) d plate and a normal phase thin layer chromatography (NPTLC) e plate. A standard curve was also spotted on each TLC plate by using 0.3, 0.5, 0.7, 1.0, 1.2, 1.5, 2.0, and 2.5 µl of a 1.0 µg/µl standard of monensin. The TLC plates were developed in 1 or more of the following development solvents. The development solvent used for reverse-phase thin layer chromatography (RPTLC) was first developed in ethanol/water/ acetic acid b (65/35/1, v/v/v) and then developed in methylene chloride/methanol (35/65, v/v). The development solvent for normal-phase thin layer chromatography (NPTLC) was either ethyl acetate b /water (97/3, v/v) or chloroform b / acetone b /ammonium hydroxide b (80/20/2, v/v/v). This latter developing solvent for NPTLC was previously used with paper chromatography. 2 less than 10% of the monensin. The data listed in Table 2 illustrate the type of recoveries obtained from both 28-ppm beef feeds. A low recovery of monensin was obtained upon extraction of the urea nitrogen source feed. The 2 different types of beef feeds were also spiked at a 25-ppm level of monensin. The data in Table 3 indicate that a lower level of monensin recovery was also seen with urea nitrogen source feed vs. the soybean meal protein feed.
To try to improve on the monensin recovery, a new partition solvent was tried. Water was spiked with 2 levels of monensin at 1 and 5 ppm (see Table 4 ). The usual partition solvent methylene chloride and a new partition solvent of ethyl acetate/ethanol were used. A greater than 80% recovery was seen using the methylene chloride whereas a 99% recovery was seen using the new partition solvent of ethyl acetate/ethanol (95/5, v/v). Next, monensin recoveries from C18 solid-phase cartridges were determined (see Table 5 ) in an effort to improve on the cleanup procedure. Levels of 3, 10, and 25 µg of monensin were used. This cleanup procedure yielded low recoveries of monensin of less than 35%.
Quantitation of TLC plates can be done by densitometry after visualization of the TLC plates with either vanillin or anisaldehyde. Vanillin was used for this work. Densitometry f was performed using a filter disk with a bandwidth of 25 nm and an emission peak of 450 nm. The heads were set in the open position with a scan rate of 10 cm/min. The attenuation was set to 8 and the output to normal. The recorderg was at 0.1 volts with a chart rate of 5 cm/min. Figure 1 shows the standard error for 2 determinations of a standard curve of monensin with TLC using densitometry.
It was necessary to do multiple extractions (see Table 1 ) of the same feed to achieve a 90% recovery of the analyte. The recovery of monensin did not exhibit a linear recovery using multiple extractions with the third extraction yielding Multiple extractions of feed were necessary to recover the monensin. The low recovery of monensin obtained from the feed containing urea would indicate the possibility that either a destructive interaction of monensin and urea is taking place or urea is interfering with the extraction of monensin. The feed containing no urea gave quantitative recoveries for monensin. Multiple extractions are required for quantitative recovery of monensin from soybean meal-supplemented beef feeds. Quantitative recoveries of monensin were not achieved from urea-supplemented feeds. Approximately 50% was recovered for both the target level and spikes on this kind of sample. The reason for low recovery needs to be determined. The extraction and partition were evaluated to try to determine the source of the poor recovery. Ethyl acetate/ethanol solvent was evaluated and resulted in improved recoveries of monensin. 3 Presently, we are investigating this new partition solvent on feed samples and we are also studying other feeds, including those containing animal fat, animal fat with urea, and corn cobs. Further investigation of the use of ethyl ac-2. etate/ethanol(95/5, v/v) to replace methylene chloride in the method is also being studied.
Other ionophores should be studied to determine the comparative recoveries with this procedure. Other feed matrices 3. should be explored for recovery (i.e., high fat, corn cob, high urea, alternate protein).
4.

Sources and manufacturers
All reagents to be of analytical-reagent grade. 
